Flash vacuum Pyrolysis (FVP) of primary N-alkoxyphthalimides at 400-500 o C and 0.02 Torr gave functionally substituted aldehydes. A mechanism of this pyrolytic transformation was proposed based on the kinetic data and product analysis.
Introduction
Substituted aldehydes and ketones are important intermediates in pharmaceutical and cosmetic industries, [1] [2] [3] While synthetic approaches to simple aldehydes are well established, 4 synthetic approaches to functionally substituted ones are not. FVP has been used in straightforward synthesis of many organic compounds which are not readily obtainable from reactions in solution. We have combined mechanistic and kinetic investigations to probe the gas-phase pyrolytic reaction in the synthesis of a wide rang of organic compounds. [5] [6] [7] [8] In this work we wish to report further application of FVP in organic synthesis by describing a possible route for conversion of alkyl halides via their corresponding N-alkoxyphthalimides to functionally substituted aldehydes. The pyrolysates were qualitatively analyzed by HPLC, yields of each products was calculated by 1 H NMR (Table 1 ). The possible mechanistic route for the formation of 5 and 6
involves semiconcerted six-membered transition state 4, it is to be noted that substituted aldehydes 5a-n and phthalimide 6 are the only identifiable products isolated from this pyrolytic reaction. We have extended this approach for the synthesize of functionally substituted aldehydes, so N-acyloxymethoxyphthalimide 3a,b and l were converted to phenylhydrazones 7a-c this accomplished by the reaction with phenylhydrazine (scheme 2). FVP of 7a-c at 400 o C and 0.02 Torr resulted in substituted glyoxal-2-phenylhydrazones 9a-c and phthalimide 6. Increasing the pyrolysis temperature to 500 o C led to decomposition of compounds 9a-c yielding aniline, and the corresponding nitriles. This pyrolytic reaction provides new access for the synthesis of aldehydes 9a-c. The literature shows only two synthetic methods to prepare 9a.
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Scheme 2 
Kinetic studies
In the static reactor system, each substrate behaved well kinetically and gave excellent and reproducible first-order rate coefficients with linearity up to 95% reaction and with no deviation in the Arrhenius plots. Since six fold changes in the amount of substrate used per kinetic run gave no significant change in rate coefficient, these reactions were deemed to be first-order process. The homogeneity of the reaction was tested by comparing the kinetic rate using an empty reaction vessel with that of similar vessel packed with glass helices, this increase in the surface to volume of approximate nine fold has not affected the kinetic rate. The kinetic data of the pyrolytic gas-phase elimination reaction of the N-alkoxyphthalimides under study are given in (Table 2) . Each rate constant at any given temperature represents an average of two values obtained in two separate kinetic runs conducted at the same temperature. The agreement among the values at the rate constants in each run is within ± 2%. Each kinetic run was monitored until 90-95% of the reaction was completed. Arrhenius plots were linear over the studied temperature and reaction range.
Molecular reactivity
According to the pyrolysate of the pyrolytic reaction of the N-alkoxyphthalimides 3a-n which eliminates to aldehydes 5a-n and phthalimide 6, a mechanistic pathway has been suggested as shown in (scheme 1), this involves a semiconcerted process with six-membered transition state 4, accordingly this reaction should be aided by greater electron-withdrawal from R, since this will increase the acidity of the hydrogen atom involved in the transition state which will facilitate the C-H * bond breaking. Rate coefficients presented in Table 2 shows that the most reactive Nalkoxyphthalimides is 3a (R = -COCH 3 ) with rate coefficient of 4.62 s -1 at 500 K. This is 5.8 x Each compound of (3a-k) has a constant factor difference than the above CH * acids which is the N-oxyphthalimido group. The latter group should increase the acidity of the above carbon acids by a constant value. In absence of pKa value for our investigated compounds, we have correlated rate coefficient (at 500K) of the gase-phase pyrolysis of 3a-k with the pKa of the above carbon acids ( Table 3 ). The higher rate of pyrolysis of the amide 3d over 3e could be attributed to the less steric influence and the more inductive effect of the oxygen atom of the morpholide moiety in the former. The reaction pathway suggested to account for product formation is well rationalized by the kinetic investigation of these compounds. 
Conclusions
The present work describes a functional group transformation of alkyl halides via their corresponding N-alkoxyphthalimide to the corresponding aldehydes. It also provides a new access to functionally substituted aldehydes. Product analysis suggests a mechanistic pathway involves a six-membered transition states, kinetic data supports well this mechanism.
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Experimental Section
General. All melting points are uncorrected. 1 H and 13 C NMR spectra were recorded on a
Bruker DPX 400 MHz super-conducting NMR spectrometer. Mass spectra were measured on VG Autospec-Q (high resolution, high performance, tri-sector GC/MS/MS) and with LCMS using Agilent 1100 series LC/MSD with an API-ES/APCI ionization mode. Microanalysis was performed on a LECO CH NS-932 Elemental Analyzer. The HPLC analysis was performed using a Metrohm HPLC (pump model 7091C and SHIMADZU SPD-10 UV/VIS detector), and Suppelco ABZ + chromatography column (2.5 cm length and 4.6 mm ID, for 5 µm sample). The reactor used for kinetic and product analysis is a Chemical Data System (CDS) custom-made pyrolyzer consisting of an insulated aluminum-alloy block fitted with a platinum resistance thermocouple connected to a Comark microprocessor thermometer for reactor temperature readout, accurate to < 0.5 °C. The alloy was chosen for its high thermal conductivity and low temperature gradient, and may be heated for up to 530 °C. The temperature of the reactor is controlled by means of a Eurotherm 093 precision temperature regulator to provide 0.1 °C incremental changes. The reaction tubes were Pyrex: 8 cm long for kinetic runs, and 12 cm for product analysis; with internal and outer diameters 1.5 cm and 1.7 cm, respectively, for both tubes.
Kinetic runs and data analysis
Stock solution (7 mL) was prepared by dissolving 5-10 mg of the substrate in acetonitrile to give a concentration of 1x10 3 -2x10 3 ppm. An internal standard was then added, the amount of which was adjusted to give the desired peak area ratio of substrate to standard (2.5 : 1). The solvent and standard were selected to be stable under the conditions of pyrolysis, and because they do not interact or react with either substrate or product. The internal standard used in the present study was chlorobenzene and 1,3-dichlorobenzene. Each mixture was filtered before use to ensure a homogeneous solution.
The ratio of the amount of substrate with respect to the internal standard was calculated from the ratio of the substrate peak area to the peak area of the internal standard. The kinetic rate was obtained by tracing the rate of disappearance of the substrate with respect to the internal standard as follows: An aliquot part (0.2 mL) of each solution containing the substrate and the internal standard was pipetted into the pyrolysis tube, which was then cooled in liquid nitrogen and sealed at reduced pressure (0.28 mbar). The tube was then placed in the pyrolyzer for 6 minutes under non-thermal conditions (ambient temperature). A sample was then analyzed using HPLC with UV/VIS detector at wavelength, λ = 256 nm to calculate the standardization value (A o ). Several HPLC measurements were obtained with an accuracy ≥ 2%. The temperature of the pyrolysis block was then raised until ca 10% pyrolysis of the substrate was deemed to occur over 600 s interval. This process was repeated after each ca 10 °C rise in the reaction temperature until > 95% reaction was achieved. The relative ratios of the sample and the internal standard (A) at each reaction temperature was calculated for a minimum of two kinetic runs made at each of these temperatures that were in agreement to within ± 2% in order to ensure reproducible values of (A). Treatment of the kinetic data has been detailed elsewhere.
5 N-Alkoxyphthalimides 3a-n. General procedure To a mixture of N-hydroxyphthalimide 1 (1.63 gm, 10 mmol), anhydrous potassium carbonate (0.5 gm) in dry DMSO (20 mL) was added the appropriate alkyl halides 2a-n (10 mmol). The reaction mixture was stirred at room temoerature over night, and then ice water (50 mL) was added. The precipitate was then collected and crystallized from the proper solvent. N-(2-Oxopropoxy)phthalimide (3a 
Synthesis of compounds 7a-c. General procedure
To a mixture of compounds 3a,b,l (10 mmol), phenylhydrazine (10 mmol) in ethanol (20 mL) was heated for 30 minutes and then ice water (50 mL) was added to the reaction mixture. The yellow precipitate so formed was then collected and crystallized from ethanol to give 7a-c. 
Product analysis Flash vacuum pyrolysis
The apparatus used was similar to the one which has been described in our recent publication.
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The sample was volatilized from a tube in a Buchi Kugelrohr oven through a 30 x 2.5 cm horizontal fused quartz tube. This was heated externally by a Carbolite Eurotherm tube furnace MTF-12/38A to a temperature of 500 o C, the temperature being monitored by Pt/Pt-13%Rh thermocouple situated at the center of the furnace. The products were collected in a U-shaped trap cooled in liquid nitrogen. The whole system was maintained at a pressure of 10 -2 Torr by an Edwards Model E2M5 high capacity rotary oil pump, the pressure being measured by a Pirani gauge situated between the cold trap and pump. Under these condition the contact time in the hot zone was estimated to be =10 ms. The different zones of the product collected in the U-shaped trap were analyzed by 1 H, 13 C NMR, IR and GC-MS. Relative and percent yields were determined from NMR. 
Pyrolysis products 2-Oxopropanal (5a

